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Abstract 

Cigarette smoke is a major health risk factor which significantly increases the incidence of diseases including lung cancel and 
respirator)' infections. This increased susceptibility may result from cigarette smoke-induced impairment of the immune system. While the 
acute effects of cigarette smoke on the immune system are less clear, chronic exposure to cigarette smoke or nicotine causes T cell 
unresponsiveness. This apparent T cell anergy may account for or contribute to the immunosuppressive and anti-inflammatory properties 
of cigarette smokc/nicotine. Nicotine-induced immunosuppression may result from its direct effects on lymphocytes, indirectly through 
its effects on the neuroendocrine system, or both. © 1998 Elsevier Science B.V. 
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1. Introduction 

Tobacco smoke is a complex mixture of thousands of 
different chemicals many of which have toxic and/or 
carcinogenic activity (Stedman, 1968; Hoffmann et a!., 
1979). The constituents of mainstream tobacco smoke 
(smoke drawn into the mouth during puffs) are principally 
encountered by smokers; environmental tobacco smoke 
(smoke originating mostly from the smoldering end of a 
cigarette between puffs and exhaled mainstream tobacco 
smoke) is responsible for involuntary or ‘passive' smoking 
by non-smokers (US Department of Health and Human 
Services, 1993). 

Bioassays using tobacco smoke have shown that the 
majority of genotoxic and carcinogenic substances as well 
as nicotine are present in the particulate phase (material 
from cigarette smoke retained by the Cambridge filter 
comprised mostly of particles >0.1 gm diameter) of 
mainstream cigarette smoke (Dube and Green, 1982). The 
vapor phase (substances that pass through the Cambridge 
filter), has several known carcinogens, but has not been 
shown to be tumorigenie in inhalation assays (Hoffmann 
and Wynder, 1986). 

lntere-st in understanding the mechanism of action by 
which cigarette srnoke/nicotinc influences the immune 
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system stems from the recognition that tobacco smoking is 
a major cause of mortality and morbidity, responsible for 
over 400,000 deaths yr _l in the United States; the direct 
health care costs related to cigarette smoking exceed US$50 
billion yr" 1 (US Department of Health and Human Ser¬ 
vices, 1994). Tobacco smoke has been demonstrated to 
significantly increase the incidence of heart disease, cancer 
at various sites, in particular the lung, and susceptibility to 
respiratory diseases (US Department of Health, Education 
and Welfare, 1979). Moreover, some recent data suggest 
that smoking may be a risk factor in faster development of 
AIDS in HIV-1-seropositive individuals, higher suscepti¬ 
bility of AIDS patients to develop Pneumocytis carinii 
infections, and higher frequency of transmission of AIDS 
from smoking mothers to their offspring (Burns et ul., 
1991; Nieman et al., 1993; Burns et al., 1994). 

In recent years, there has been growing concern that 
non-smokers tnay also be at risk for some of the cigarette 
smoke-associated diseases as a result of involuntary expo¬ 
sure to environmental tobacco smoke. Despite quantitative 
differences, the chemical composition of environmental 
tobacco smoke is very similar to mainstream tobacco 
smoke and may predispose people to lung cancer and 
increased risks for lower respiratory tract infections (US 
Department of Health and Human Services, 1993). 

Increased susceptibility of smokers to respiratory tract 
diseases and cancer may reflect cigarette smokc-induced 
impairment of the immune system (Holt and Keast, 1977), 
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It has recently been postulated that atherosclerosis, which 
is significantly more prevalent in smokers, may also be an 
immunologically mediated disease (Wick et al., 1995). 
Thus, most of the deleterious effects of tobacco smoke on 
human health may reflect the adverse effects of tobacco 
smoke on the immune system. Immunosuppressive proper¬ 
ties of cigarette smoke have been well established in a 
variety of experimental animal models and humans (John¬ 
son et al., 1990; Sopori et a!,, 1994). However, the manner 
in which cigarette smoke affects the immune system is not 
clearly understood. There is increasing evidence that nico¬ 
tine, a major component in cigarette smoke, may signifi¬ 
cantly contribute to cigarette smoke-induced immuno¬ 
suppression (Sopori et al., 1993). This review will mainly 
focus on the effects of various components of cigarette 
smoke on the immune system and potential mechanisms 
through which cigarette smoke may affect the immune 
response. 

2. Effects of cigarette smoke on the human immune 
system 

The possibility that human diseases associated with 
cigarette smoke reflect the effects of tobacco smoke on the 
immune system was recognized in the 1960s (reviewed in 
Holt and Keast, 1977). Since then, a large body of evi¬ 
dence tends to support this inference (Holt, 1987; Johnson 
et al., 1990; Sopori et al., 1994). Human smokers are more 
likely to develop influenza and have lower antibody titers 
to influenza virus (Finklea et al., 1969; Aronson et al., 
1982; Kark et al., 1982). Prenatal and postnatal exposures 
to environmental tobacco smoke have been linked to en¬ 
hanced susceptibility of children to respiratory infections 
and development of asthma (US Department of Health and 
Human Services, 1993). In humans, effects of cigarette 
smoke on the immune system may depend on the amount 
and duration of smoke exposure, ethnic background, and 
the sex of the smoker (reviewed in Sopori et al., L994). 
Effects of cigarette smoke on the human immune system 
are summarized in the following. 

Most studies investigating the effects of tobacco smoke 
on lymphocytes have reported a leukocytosis (Corre et al., 
1971) with increased numbers of all lymphocyte popula¬ 
tions (Hughes et al,, 1985). Both CD4 and CDS T cell 
subpopulations may increase in smokers (Smart et a!., 
1986), however, increases in these populations and changes 
in CD4/CD8 ratios may be modified by the dose and 
duration of smoke exposure and the ethnic background of 
the smoker (Tollerud et al., 1991). Similarly, increases in 
B cell numbers as the result of cigarette smoking have 
been reported (Hughes cl al., 1985: Smart et al., 1986). 

The relationship between cigarette smoking and the 
effects on in vitro lymphocyte functions in human smokers 
is debatable. Some groups have reported significant de¬ 
creases in the proliferative response of lymphocytes to T 
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cell mitogens, while others report no significant differ¬ 
ences between smokers and non-smokers in this response 
(reviewed in Sopori et al., 1994). Decreases in NK cell 
activity in smokers have been reported by several laborato¬ 
ries (Ferson et al., 1979; Tollerud et al., 1989), however, 
these changes may be affected by the ethnic background of 
the population studied (Tollerud et al., 1989). 

Cigarette smoking has also been shown to decrease the 
serum levels of most of the immunoglobulin classes (Ger- 
rard et al., 1980; Andersen et al., 1982), excepting IgE 
which is significantly elevated in smokers (Burrows et al., 
1981), Higher serum levels of IgE in smokers is not 
correlated with increased skin-test reactivity, and smokers 
exhibit significantly lower skin-test reactivity for a given 
value of IgE than non-smokers (Burrows et al., 1982). 
Thus, in spite of higher IgE levels, IgE-mcdiated responses 
are weaker in smokers than non-smokers. This may ac¬ 
count for the lower incidence of allergic conditions among 
tobacco smokers (Burrows et al-, 1976). 

Cigarette smoke is a significant risk factor in respiratory 
tract illnesses including chronic obstructive lung disease 
(Haynes et al., 1966; Doll and Peto, 1976). The broncho- 
alveolar lavage from cigarette smokers has increased num¬ 
bers of alveolar macrophages (AMs) and neutrophils 
(Adesina et al., 1991; Bosken et al., 1992). Compared to 
non-smokers, AMs from smokers appear to be in an 
‘active’ state exhibiting increased microsomal and lysoso- 
maL enzymes, elevated resting rates of glucose utilization, 
increased production of oxygen radicals and myeloperoxi¬ 
dase activity, and increased migration and chemotactic 
responsiveness (reviewed in Sopori et al., 1994). However, 
in spite of this increased activity, AMs from smokers 
appear to be deficient in phagocytosis and/or bactericidal 
activity (Plowman, 1982). 

Although cigarette smoking causes chronic pulmonary 
inflammation through macrophage accumulation in the 
alveoli and respiratory bronchioli, in general, their ability 
to produce/secrete biologically active substances is re¬ 
duced. Thus, in response to LPS, AMs from smokers 
secreted lower levels of pro-inflammatory cytokines IL-i 
and IL-6 and TNF-a (Brown et al,, 1989; McCrea et al., 
1994). 

There is increasing evidence that cigarette smoking 
increases the risk of HIV infection and the development of 
AIDS. Epidemiological data indicate that among homosex¬ 
ual men, smokers are more likely than non-smokers to 
become HIV-1 seropositive (Burns et al., 1991). Moreover, 
the progression of HIV-1-seropositive individuals to de¬ 
velop AIDS or P. carinii infection is much faster in 
smokers than non-smokers (Nieman et al., 1993; Hirschtick 
et at., 1995). In addition, among HIV-1 positive women, 
the relative risk of HIV-1 transmission to their offspring is 
3.3 times higher in smoking than non-smoking mothers 
(Bums et al.. 1994). Furthermore, alveolar macrophages 
from HIV-1-infected smokers produce significantly more 
virus than non-smokers (Abbud et al., 1995). These obser- 


PM3006731053 


Source: https://www.industrydocuments.ucsf.edu/docs/xlvj0001 



150 


M.L Sopori, W. Kozak/Journal of Neumimmunnk>gySJ{/998) 148-156 


vations suggest that tobacco smoking may be a compound¬ 
ing factor in HfV-1 infection abetting the mechanisms 
involved in progression towards full-blown AIDS. 


3. Effects of cigarette smoke on the immune system: 
animal studies 

As in human studies, immunologic changes associated 
with cigarette smoke exposure are modified by several 
factors including the level and duration of exposure to 
cigarette smoke, tar and nicotine content of the smoke, and 
the species of the animal tested. Most of the animal studies 
have used rodents, especially rats and mice. There are 
inherent drawbacks in most rodent studies, because it is 
impractical to precisely replicate the- characteristics pat¬ 
terns of human smoking. Thus, unlike humans, who smoke 
a given quantity of cigarettes over a period of about 16 h, 
animals are usually administered the daily dose of cigarette 
smoke in one or two sessions lasting only minutes. This 
would significantly reduce the exposure time of animals to 
the components of cigarette smoke which have relatively a 
short half-life. Nevertheless, animal experiments have pro¬ 
vided useful results about the mechanism of cigarette 
smoke on the immune system. 

Exposure of animals to cigarette smoke has been shown 
to lead to the inhibition of the primary antibody response 
(Holt and Keasl, 1977; Sopori et al., 1985, 1989), less 
pronounced and/or short-lived splenomegaly and reduced 
expansion of splenic white pulp (Ayer et al., 1981), pro¬ 
gressive decrease in resistance to transplanted tumors and 
increased tumor metastases and mortality (Thotnas et al., 
1974b; Chalmer et al., 1975). Cigarette smoke-induced 
changes in the antibody response may be biphasic i.e., 
acute exposures enhance while chronic exposures decrease 
the response (Thomas et al., 1973a, 1974a). Similar results 
were observed when the proliferative response to the T cell 
mitogen, PHA, was assessed in smoke-exposed animals 
(Thomas et al., 1973b). Moreover, cigarette smoke con¬ 
taining higher levels of tar and nicotine induced immuno¬ 
logic changes faster than smoke containing lower levels of 
tar and nicotine (Holt et al., 1976). 

Chronic exposure of animals to cigarette smoke is also 
associated with increased susceptibility to infectious agents 
such as murine sarcoma virus (Thomas et al.. 1974b) and 
influenza virus (Mackenzie, 1976). Similarly, clearance of 
Pseudomonas aeruginosa and antibody tiler against Mi- 
cropolyspora faeni in the lung was significantly decreased 
in smoke-exposed animals (Holt and Keast, 1977). Anti¬ 
body response to both T cell-dependent and T cell-inde¬ 
pendent antigens may be impaired in chronically smoke 
exposed animals (Sopori et al.. 1989; Goud et al., 1992). 
While chronic exposures to cigarette smoke may inhibit 
the primary antibody response, smoking does not appear to 
significantly affect the secondary antibody response 


(Thomas et al., 1973a). Thus, the immune system of 
smokers may function normally when responding to an 
antigen or pathogen encountered prior to smoking. 


4. Components of cigarette smoke that may affect the 
immune response 

The observation that exposure to smoke from high-tar 
high-nicotine cigarettes is more immunosuppressive than 
the smoke from low-tar iow-nieotine cigarettes (Holt et al., 
1976), suggests that tar and nicotine may be important 
immunotoxie components within cigarette smoke. Most of 
the tar, nicotine, and genotoxicity of cigarette smoke is 
associated with the particulate phase of cigarette smoke 
(Hoffmann et al., 1979; Hoffmann and Wynder, 1986). 
Chronic exposure of rats to the vapor phase of cigarette 
smoke does not lead to significant changes in the immune 
response, indicating that immunosuppressive properties of 
cigarette smoke are mainly associated with the particulate 
phase of cigarette smoke (Sopori et al., 1993). The particu¬ 
late phase of cigarette smoke contains thousands of differ¬ 
ent compounds including most of the nicotine, polycyclic 
aromatic hydrocarbons (PAHs), tobacco glycoprotein 
(TGP), and some metals (US Department of Health and 
Human Services, 1993). There is increasing evidence that 
chronic nicotine treatment leads to inhibition of the anti¬ 
body response indicating that nicotine is a major immuno¬ 
suppressive component in cigarette smoke (Geng et al., 
1995, 1996), Polycyclic aromatic hydrocarbons (PAHs) 
such as henzo[a]pyrene and benzo[a]anihmcene are known 
immunosuppressants (reviewed in White et a!., 1994). On 
the other hand, TGP and metals present in cigarette smoke 
are generally immunostimulatory (Francus et al., 1992; 
Brooks et al., 1990), Moreover, acute and chronic adminis¬ 
tration of PAHs such a benzo[a]pyrene may stimulate 
(Schnizlein et ah, 1982) or inhibit (White, 1986) the 
immune response. Thus, effects of cigarette smoke on the 
immune system may reflect, the cumulative effects of both 
immunosuppressive and immunostimulatory components 
of cigarette smoke. In addition, these effects may depend 
on the dose and duration of exposure. 


5, Meclianisiu(s) of cigarette smoke-induced changes in 
the immune system 

From the above discussion, it is clear that chronic 
exposures to cigarette smoke suppress the antibody re¬ 
sponse, and nicotine may significantly contribute to this 
immunosuppression. Xenobiotics have been shown to af¬ 
fect immunoregulalion by several mechanisms and cigarette 
smoke/nicotine could potentially affect the immune sys¬ 
tem by the following mechanisms. 
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5. /. Neuroimnume modulation and cigarette smoke 

The mammalian immune system consists of an inte¬ 
grated network of various cell types, and a xenobiotic or 
its metabolite may regulate the immune function indirectly 
by affecting other organ systems, which may subsequently 
modulate immune function. There is an intimate relation¬ 
ship between the neuroendocrine and the immune systems 
during the development, maturation, and aging processes. 
Thus, the immune and neuroendocrine systems communi¬ 
cate bidirectionally through sharing of signal molecules 
such as cytokines, hormones, and neurotranstrutters acting 
on receptors common to both systems (Blalock, 1994). 

Nicotine is absorbed quickly through the pulmonary 
capillary blood flow. It readily crosses the blood brain 
barrier and is a classical sympathoadrenal stimulant 
(Braubar, 1995). Nicotine has been shown to produce a 
dose-dependent increase in cerebral glucose uptake, indi¬ 
cating increased brain metabolic activity (London et ah, 
1985a). Moreover, there are high affinity nicotine-binding 
sites in the hypothalamus (London et al., 1985b) and 
nicotine stimulates the expression of c-fos protein in the 
parvocellular paraventricular nucleus and brainstem cate- 
cholaminergic regions (Malta et al., 1993). While there 
may be several ways through which the immune system 
communicates with the nervous system, one of the well- 
defined pathways is via the hypothalamic-pituitary- 
adrenal (HPA) axis (reviewed in Fuchs and Sanders, 1994). 
Nicotine is a potent stimulator of the UFA axis resulting in 
the rapid secretion of ACTH (Seyler et al., 1984, 1986). 
Cigarette smoke and nicotine increase the concentrations 
of norepinephrine and epinephrine in plasma (Cryer et at., 
1976; Pomerleau et at., 1983, Seyler et al., 1986; Van 
Loon et al., 1987). Both ACTH and catecholamines have 
been shown to inhibit the immune response (Fuchs and 
Sanders. 1994). In fact, the immunosuppressive effects of 
organophosphates have also been attributed to cholinergic 
stimulation (Casale et al., 1983). Thus, the HPA axis 
potentially contributes to cigarette smoke/nicotine-in- 
duced immunosuppression. 

3.2. Cytokines and cigarette smoke 

Cells of the immune system communicate with each 
other via cell—celt interactions and production of cy¬ 
tokines, and these molecules exert their biological effects 
through specific receptors expressed on the target cell 
membrane. In general, cytokines affect many types of cells 
and tissues exerting a wide range of biological effects 
(Kishimoto et a!., 1994). Moreover, several cytokines may 
affect the same target cell type to mediate similar func¬ 
tions. For example, antibody production of B cells is 
induced by 11,-2, JL-4,1L-5, IL-6, IFNy, and several other 
cytokines. 

Based on cytokine production profiles, CD4 + T helper 
cells (Th) are divided into three major subtypes: Thl, 


characterized by production of IL-2 and IFN-y; Th2, 
producing IL-4, 1L-5, and 1L-10; and ThO, which are not 
restricted in their lymphokine production (Mosmann and 
Coffman, 1989; Fearon and Locksley, 1996). Divergence 
of ThO into Thl and Th2 cell types is regulated by 
cytokines from other cells at the onset of infection through 
production of 1L-12, IL-4, and IL-10 (Hsieh et al., 1993; 
Pearce and Reiner, 1995; Sher and Ahmed, 1995; 
Trinchieri, 1995; Fearon and Locksley, 1996). Among 
immune cells, macrophages produce IL-4 and are clearly 
the major producers of 1L-12 and IL-10 (Gordon et al., 
1995; Trinchieri, 1995). While IL-12 stimulates the con¬ 
version of ThO cells to Thl cells, EL-10 and IL-4 tend to 
convert them into Th2 type cells (Manetti et a!., 1993; 
Seder et al., 1993; Fearon and Locksley, 1996). Moreover, 
IL-12 may actively curtail the production of IL-4 from Th2 
cells (Manetti et al., 1993; Trinchieri, 1995). It has also 
been demonstrated that Thl and Th2 cells down-regulate 
each other by their cytokines, IFN-y and IL-4, respectively 
(Pearce and Reiner, 1995; Trinchieri, 1995). In addition, 
cytokines may affect the overall composition of 
classes/subclasses of antibodies produced (e.g., IL-4 stim¬ 
ulates murine B cells to produce IgE and IgGl [lgG4 in 
humans]), whereas IFNy induces mouse B cells to produce 
IgG2a (in humans IgGl) (Fearon and Locksley. 1996). 
Cigarette smokers have significantly higher levels of serum 
IgE (Burrows et al., 1981; Bahna et al., 1983) and, com¬ 
pared to non-smokers, peripheral blood mononuclear cells 
from cigarette smokers produce much higher levels of EL-4 
(Byron et al., 1994). Thus, cigarette smoke may affect 
immune responses by altering the Thl/Th2 ratio. In fact, 
cigarette smoke-associated airway hyperreactivity is be¬ 
lieved to be a Th2-driven disorder, and neutralization of 
IL-4 with monoclonal antibodies has been shown to 
markedly decrease serum IgE levels and the airway hyper¬ 
reactivity (Kuhn et al., 1991; McCrea et al., 1994; Drazen 
et al, 1996). 

Quality and quantity of cytokines made during an infec¬ 
tion may markedly affect the resistance/susceptibility to a 
pathogen. For example, IFN-y-producing Thl cells are 
required for the immunity against Listeria monocytogens. 
Similarly, resistance to Leishmania major is associated 
with Thl-dominated responses (Kaufmann, 1995; Pearce 
and Reiner, 1995). Furthermore, reduction in the expres¬ 
sion of IL-12 receptors may lead to loss of the Thl 
response and increased susceptibility to some intracellular 
pathogens even under low IL-4 levels (Guler et al, 1996; 
Nobe-Trauth et al, 1996). Viruses such as HIV-1 have 
been shown to decrease Thl/Th2 ratios and this switch 
towards higher numbers of Th2 cells may be critical in the 
development of AIDS (Clerici et al, 1993). Therefore, 
Thl/Th2 ratios can have a significant impact on the type 
of cytokines produced and the outcome of an infection. In 
fact, many parasites induce high levels of IgE, which is 
believed to blunt the Thl-type cell responses (Marraek and 
Kappler. 1994). Through such mechanisms, cigarette 
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smoking may, therefore, facilitate the effects of HIV-1 
infection on the immune system by influencing the 
Th l/Th2 ratio. 

Another manner through which cigarette smoke may 
affect the immune response is through modulation of the 
pro-inflammatory cytokines IL-1, IL-6, and TNF-a. These 
cytokines are known to play an important role in the 
immune response to infections (Balkwill, 1993; Marraek 
and Kappler, 1994). Compared to non-smokers, alveolar 
macrophages from smokers secrete significantly less IL-1, 
IL-6, and TNF-a (Brown et ah, 1989; Yamaguchi et ah, 
1989; Soliman and Twigg, 1992; McCrea et ah, 1994; 
Sauty et ah, 1994). Nicotine treatment is also associated 
with inhibition of TL-1 and TNF-a production from colonic 
mucosa (Van Dijk et ah, 1995). These observations may 
account for the increased susceptibility of smokers to 
infections but a decreased incidence of some autoim¬ 
mune/inflammatory diseases such as ulcerative colitis, 
Farmer’s lung, and sarcoidosis (Sopori et ah, 1994). Al¬ 
though whole cigarette smoke and nicotine appear to in¬ 
hibit pro-inflammatory cytokines, some components of 
cigarette smoke, such as TCP aTe known to stimulate the 
production of these cytokines (Francus et ah, 1992). 

5.3. Effects of cigarette smoke / nicotine on cell signaling 

The biochemical events in the activation of lympho¬ 
cytes, following stimulation with an antigen or mitogen, 
are under intense investigation. We and others have ob¬ 
served that chronic exposures to cigarette smoke/nicotine 
impairs the proliferative response of T cell antigens and 
mitogens (Sopori et ah, 1994; Geng et ah, 1995). Lympho¬ 
cytes are activated by cross-linking of receptors by ligands 
leading to proliferation and differentiation of these cells 
(Cambier et ah, 1.994; Weiss and Littman, 1994). The 
failure of T lymphocytes from cigarette smoke/nicotine- 
treated animals to respond to TCR-mediated stimulations 
indicates that these T cells fail to transduce signals origi¬ 
nating from the plasma membrane following the binding of 
ligand to antigen receptors. One of the earliest events in 
the receptor-mediated activation of cells is an increase in 
the intracellular Ca 2+ levels (fCa 2+ ]j) (Clapham, 1995). T 
cells from rats chronically treated with cigarette smoke or 
nicotine exhibit a significantly lower rise in [Ca 2 ^]j in 
response to cross-linking of T cell receptor (TCR) with 
antibodies to TCR/CD3 complex (Sopori et ah, 1993; 
Geng et ah, 1995). Therefore, at least one of Lhe lesions 
potentially contributing to immunosuppression is proximal 
to the antigen-induced Ca 2+ response in T cells. To evalu¬ 
ate how cigarette smoke/nicotine may affect the antigen- 
induced signaling cascade in T lymphocytes, a simplified 
version covering the major steps in this pathway is pre¬ 
sented betow. 

Signaling through TCR. can lead to profound biological 
responses including activation, tolerance, and/or differen¬ 
tiation depending on the nature of the stimulus and the 


differentiation state of the lymphocytes (Chan et at., 1994). 
Following the ligation of TCR, one of the first observed 
events is the activation of protein tyrosine kmases (PTKs.) 
and phospholipase Cyl (PLCyl) activities (Chan et ah, 
1994). Tyrosine-containing motifs are found in multiple 
copies in the invariant chains of the TCR/CD3 complex, 
and following ligation of TCR, sre-like kinases phospbory- 
late at these tyrosine-containing motifs creating docking 
sites for the binding of PLCyl (Berridge, 1993). Two 
families of PTKs have been implicated in T cell receptor 
signaling. Mutations either in the sre-family kinase, Lck, 
or the syk-family kinase, ZAP-70 block activation through 
TCR (Chan el ah, 1994). The activated (tyro- 
sinephosphorylated) PLCyl binds the plasma membrane 
where it hydrolyzes phosphatidyl inositol 4,5-bisphosphate 
(PIP2) into diacytgtycerol (DAG) and inositol 1,4,5-tri- 
sphosphate (1P3) (Berridge, 1993; Weiss and Littman, 
1994). IP3 stimulates the release of Ca 2+ from lP3-sensi- 
tive Ca 2+ stores in the endoplasmic reticulum (ER), lead¬ 
ing to a rise in fCa 21 ],. Intracellularly, ER is the largest of 
the Ca 2+ stores (Clapham, 1995), and it has been recently 
demonstrated that these Ca 1+ stores are critical for trans¬ 
port of molecules between cytoplasm and nucleus (Greber 
and Gerace. 1995). 

The condition in which antigen-specific T cells fail to 
respond to an antigen is called T cell anergy (T cell 
tolerance). Animals chronically exposed to cigarette smoke 
or nicotine do not exhibit significant changes in the num¬ 
ber or distribution of T cell subsets (Savage et ah, 1991; 
Geng et ah, 1995), however, these cells fail to respond 
normally to stimulations with antigens or mitogens (Geng 
et ah, 1995), indicating that T cells are non-responsive 
(anergic/tolerant) (Geng et ah, 1996). Recently, it has 
been demonstrated that tolerance in antigen-specific T cell 
clones may develop as a result of partial T cell activation. 
For example, T cell anergy associated with stimulation of 
T cell clones with altered antigens, has been attributed to 
abnormal stimulation and failure to activate ZAP-70 
(Sloan-Lancaster et ah, 1994; Madrenas et a!., 1995). 
Similarly, tolerant T cell clones were found to have lower 
[Ca 2 + ] t in response to antigen, in spile of activated PTKs 
activity and higher intracellular levels of IP3 (Gajewski et 
ah, 1994). Thus, critical changes in PTK activity or the 
Ca 2+ response may lead to T cel! anergy through defective 
T cel! activation. Xenobiotics that alter these responses 
could potentially cause T cel) anergy. We have recently 
observed that the deceased ability of T cells from 
nicotine-treated rats to mobilize intra[A-celiufar calcium in 
response to ligation of the antigen-receptor is associated 
with arrest of these cells in the Gi phase of the cell cycle 
(Geng et ah, 1995). However, these cells had higher levels 
of 1P3 and exhibited tyrosine phosphorylation of several 
substrates including PLCyl (Geng et ah, 1996). These 
results suggest that chronic nicotine causes ‘partial activa¬ 
tion’ of T celts. Partial activation of antigen-specific T cell 
clones results in T cell anergy (Gajewski et ah, 1994; 
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Sloan-Lancaster et al., 1994: Madrenas et al., 1995) and 
7,12 - dimethy J be nz,[a]a nth racene- j nduced ini in unosuppres- 
sian may be related to PTK activation (Archuleta el al., 
1993). These observations suggest that PTK activation 
may be a generalized mechanism by which xcnobioties 
induce T cel! tolerance and immunosuppression. 

6. Conclusion 

Based on available scientific evidence, chronic expo¬ 
sure to mainstream and sidestream tobacco smoke appears 
to impair the immune system in man and experimental 
animals. In addition, both mainstream and sidestream to¬ 
bacco smoke may cause airway hypeiTeactivity. Cigarette 
smoke is a complex mixture of thousands of different 
chemical compounds and, depending on the dose and time 
period of exposure, some of these may cause immunostim- 
ulalion or immunosuppression (Sopori et al., 1994). Recent 
evidence suggest that nicotine, one of the major compo¬ 
nents of cigarette smoke, inhibits the immune system 
(Geng et al., 1995). 

The mechanism of cigarette smoke-induced immuno¬ 
suppression is poorly understood; however, based on the 
known effects of cigarette smoke on various biological 
functions, several potential mechanisms could be operative 
(Fig. 1). Cigarette smoke as well as nicotine stimulate the 
release of catecholamines and ACTH (Cryer et al., 1976; 
Seyler et al., 1984, 1986) which have been associated with 
depressed immunity (Fuchs and Sanders, 1994). Interest¬ 
ingly, there is an inverse relationship between AIDS sever¬ 
ity and plasma ACTH levels (Catania ct al., 1993). Thus, 
cigarette smoke and HIV-infection may cooperate in in¬ 
ducing immunodeficiency and enhancing the development 
of AIDS through neuroimmune mechanisms. 

Another mechanism by which cigarette smoke could 
potentially affect the immune response is by altering 
Thl/Th2 ratios. Leukocytes from smokers have the ability 
to produce higher levels of IL-4, a Th2 cytokine which 
stimulates IgE production and inhibits the Thl cells re¬ 
quired for the inflammatory response. Invading organisms, 
including IIIV-1 and Epstein-Bair virus target and blunt 
pro-inflammatory cytokines by decreasing the Thl/Th2 
ratio (Clerici et al., 1993, Marrack and Kappler, 1994). 
Similarly, many parasites induce high levels of IgE and it 
is postulated that IgE synthesis inhibits Thl and inflamma¬ 
tion (Marrack and Kappler. 1994). Cigarette smoke/nieo- 
tine increase IgE levels and inhibit pro-inflammatory cy¬ 
tokines (Bahna et ah, 1983; McCrea et al., 1994; Sauty et 
al., 1994). Thus, cigarette smoke/nicotine may facilitate 
infection by various pathogens including HJV by blunting 
pro-inflammatory cytokines. 

Although cigarette smoke appears to affect functions of 
both B and T cells (Sopori et al., 1994), there is increasing 
evidence that chronic treatment with cigarette 
smoke/nicotine induces functional unresponsiveness 



Fig. 1. An over-simplified model by which cigarette smoke could affect 
the immune system. 


(anergy) in T cells. Studies from our laboratory (Geng et 
al., 1995, 1996) indicate that nicotine-induced T cell an¬ 
ergy may arise through its effects on the antigen-mediated 
signal transduction pathway leading to ‘partial activation’ 
and arrest of T cells in the G1 phase of the cell cycle. 
Recent results from our laboratory indicate that T cells 
from chronically nicotine-treated animals have depleted 
IP3-sensitive Ca 2+ pools in ER. These Ca 2+ pools have 
been recently shown to be critical in the active transport of 
molecules between the cytoplasm and the nucleus (Greber 
and Gerace, 1995). As yet, the molecular mechanism of T 
cell anergy is noL Cully clear; the ability of nicotine to 
induce T cell unresponsiveness may provide an excellent 
in vivo model to study this phenomenon. 

The ability of smokers to resist infections including 
HIV-1 may be adversely affected, because exposure to 
cigarette smoke can lead to T cell anergy. Although smok¬ 
ers infected with HIV-1 have elevated numbers of CD4 + T 
cells compared to HIV-infected non-smokers (Park et al.. 
1992), a significant proportion of these cells may represent 
the functionally inert (anergic) T cell population. Thus, in 
spite of higher CD4 T cells, the functional incompetence 
of these cells in HIV-infected smokers may accelerate the 
course of AIDS. While some laboratories have failed to 
observe significant effects of cigarette smoking on the 
development of AIDS (Cralb et ah. 1996), others report 
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that HIV-infected smokers have significantly higher inci¬ 
dence of bacteria] pneumonia than HIV-infected non- 
smokers with similar numbers of CD4 T cells (Bums et al„ 
1991; Niernan et al., 1993; Hirschtick et al., 1995), sug¬ 
gesting a lower efficiency of T cells in smokers to resist 
infections. 

It is becoming clear that while cigarette smoking in¬ 
creases the risk of cancer and heart disease, it also limits 
the risk of several diseases. Cigarette smokers have a 
lower incidence of ulcerative colitis, sarcoidosis, pigeon 
breeder's disease, farmer’s lung, environmental allergies 
(Sopori et al., 1994), and acne (Mills et al., 1993). We 
believe most of these beneficial effects may be associated 
with the anti-inflammatory effects of nicotine in inhibiting 
pro-inflammatory cytokines. Preliminary results from our 
laboratory show that nicotine-treated mice resist lethal 
infections of influenza virus better than untreated mice. 
Nicotine may also improve some cognitive functions in 
senescence and Alzheimer’s disease (Meguro et al., 1994; 
Arendash et al., 1995; James and Nordberg, 1995; Wilson 
et al., 1995). Understanding the cellular and molecular 
mechanisms through which cigarette smoke/nicotine af¬ 
fects these responses may prove very useful in elucidating 
the underlying causes thereby leading to the development 
of treatments for many important human diseases. 
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